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(54) [Title of the Invention] /j/ 
700 MPa Class NonHeat-Treated, Low-Yield-Ratio Thick Steel Plate and 
Its Method of Manufacture 

[Claim(s)] /2 

[Claim 1] An over 700 MPa class nonheat-treated, low-yield-ratio 
thick steel plate characterized by having a composition comprising 0.005 
to 0.03% C, 1.5 to 3.0% Mn, 0.05 to 1.00% Mo, 0.05 to 0.5% Si, 0.01 to 
0.08% Al and 0.005 to 0.08% Nb, by mass%, with the balance being Fe and 
unavoidable impurities, and a structure containing a bainitic ferrite 
phase having an area ratio of 80% or higher; the packet size of said bainitic 
ferrite phase being 15 ym or less; and having a tensile strength greater 
than 700 MPa, a yield ratio of 80% or less, and a fracture transition 
temperature vTrs of -20°C or less. 

[Claim 2] The over 700 MPa class nonheat-treated, low-yield-ratio 
thick steel plate of Claim 1 characterized by the aforesaid structure 
being one containing 2% or less of insular martensite, by area ratio. 

[Claim 3] The over 700 MPa class nonheat-treated, low-yield-ratio 
thick steel plate of Claim 1 or 2 characterized by obtaining a composition 
further containing, in addition to the aforesaid composition, one or more 
of 0.05 to 2.0% Cu, 0.05 to 2.0% Ni, 0.05 to 2.0% Cr, 0.003 to 0.05% Ti, 
0.003 to 0.080% V and 0.0003 to 0.0030% B, by mass%, and/or one or more 
of 0.0003 to 0.0030% Ca and 0.0003 to 0.010% REM. 

[Claim 4 ] A method for manufacturing a nonheat-treated, low-yield-ratio, 
high- tenacity thick steel plate characterized by heating tol,100tol,350°C 

*Number in the margin indicates pagination in the foreign text. 
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a steel stock containing a composition of 0.005 to 0.03% C, 1.5 to 3.0% 
Mn and 0.05 to 1.00% Mo, 0.05 to 0.5% Si, 0.01 to 0.08% Al and 0.005 to 
0 . 08% Nb, by mass%, and comprising a balance of Fe and unavoidable impurities, 
subsequently conducting a hot rolling on said steel stock, with the cumulative 
rolling reduction ratio being 30% or less in a temperature region of 1,000 
to 1,250°C and the rolling completion temperature set at point Ar3 or 
higher in the austenite nonrecrystallizing region, and after the hot rolling 
is completed, cooling it at a cooling rate of 0.1 to 20°C/s. 

[Claim 5] The over 700 MPa class nonheat-treated, low-yield-ratio 
thick steel plate of Claim 4 characterized by obtaining a composition 
further containing, in addition to the aforesaid composition, one or more 
of 0.05 to 2.0% Cu, 0.05 to 2.0% Ni, 0.05 to 2.0% Cr, 0.003 to 0.05% Ti, 
0.003 to 0.080% V and 0.0003 to 0.0030% B, by mass%, and/or one or more 
of 0.0003 to 0.0030% Ca and 0.0003 to 0.010% REM. 
[Detailed Specifications] 

[0001] [Technical Field of the Invention] 

The present invention pertains to a nonheat-treated steel plate, 
and in particular, a low-yield-ratio, highly tenacious thick steel plate 
having an optimum high strength for use in bridges, construction, 
shipbuilding, construction machines , industrial machines , ocean structures , 
penstock, etc. 
[0002] [Prior Art] 

In order to ensure a well-balanced high strength and high tenacity 
for a thick steel plate, a tensile strength (TS) of 700 MPa class or more 
were manufactured in the past by conducting a thermal refining treatment. 
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A thermal refining treatment presented merits because a thick steel plate 
could be manufactured by stabilizing a finished product having 
characteristics including high strength and high tenacity, but a 
thermally-refined steel plate required a longer manufacturing period than 
a nonheat-treated steel plate as rolled, and also, presented problems 
because the manufacturing costs were high. 

[0003] Attempts at manufacturing a thick steel plate having high 
strength at a TS of 700 MPa or higher as unrolled was performed with respect 
to such problems. For example, in the publication of Tokkai No. 8-188823, 
a method for manufacturing a nonheat-treated thick steel plate at a TS 
of 780 MPa class in which a 2-phase rolling was conducted on a material 
to which proper amounts of C, Si, Mn, Mo and Nb were added has been proposed. 
However, there are problems if a hot rolling is performed in a 2-phase 
region because separation occurs readily and the absorption energy decreases 
in a Sharpy impact test. 

[0004] Moreover, in the publication of Tokkai No. 11-264107, a method 
for manufacturing a nonheat-treated, high tensile strength plate is proposed 
in which, while heating a piece of steel containing a proper amount of 
Cu, Nb and B with an extremely low C content and a high Mn content to 
1, 000 to 1, 350°C, hot rolling was conducted thereon at a cumulative rolling 
reduction ratio of 50% or more in a temperature region of 950 to 1,100°C, 
and the rolling end temperature is set to 800°C or higher, and after rolling 
is completed, it is cooled at cooling rate between l°C/s and 30°C/s, and 
cooling is stopped at a cooling rate between 550°C and (Ar 3 -20°C) . According 
to this art, a 700 MPa class high tensile strength (TS) , nonheat-treated 
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steel material can be manufactured. However, there is a problem with 
the steel platemanufacturedaccording to the art described in the publication 
of Tokkai No. 11-264107 for applications in structural members with a 
high yield ratio of 80% or higher and requiring earthquake-proof ness . 
[0005] [Problems to be Solved by the Invention] 

It is an object of the present invention to provide a nonheat-treated 
thick steel plate having high tenacity at a fracture transition temperature 
vTrs of -20°C or less and high strength at a tensile strength TS of 700 
MPa class or higher and a yield point of 80% or less by advantageously 
solving the above problems of the prior art. 
[0006] [Means for Solving the Problems] 

In order to accomplish the problems above, the inventors of the present 
invention performed painstaking investigations on the influence of 
structures on the tenacity of a 700 MPa class nonheat-treated, high-strength 
thick steel plate at a TS of 700 MPa class or higher. As a result, in 
order to ensure high tenacity, they discovered that it was crucial to 
prevent the generation of very low carbon-based insular martensite, or 
to also obtain a structure comprising a bainitic ferrite phase at an area 
ratio of 80% or less even if the insular martensite area ratio is reduced 
to 20% or less. Since a shearing transformation of the bainitic A3 
ferrite arises; hence, it is difficult to coarsen the structure and to 
easily ensure high tenacity. 

[0007] Moreover, "bainitic ferrite" in the present invention refers 
to "sheaf-like with laths but no carbide, conserving the prior Y~g ra i n 
boundary" (Collection of Photographs of Steel Bainite— I: Bainite Research 
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Committee, ISIJ (1992) :4)). 

[0008] Moreover, since insular martensite is an extremely hard 
structure, it readily separates at the interface with the parent phase 
to easily become the starting point of a fracture. Thus, if the generation 
of insular martensite is prevented or even if the area ratio is reduced 
to 2% or less, there is little influence on the reduction in the tenacity. 
Thus, the inventors of the present invention though that it was preferable 
to obtain a structure composed mainly of bainitic ferrite and to obtain 
a structure in which the area ratio was reduced to 2% or less even if 
insular martensite was present in order to obtain a thick steel plate 
having high strength and high tenacity. 

[0009] Based on the above findings, the present invention was 
accomplished by applying more investigations. That is, the present 
invention is a 700 MPa class nonheat-treated, low-yield-ratio thick steel 
plate characterized by having a composition comprising 0.005 to 0.03% 
C, 0.05 to 0.5% Si, 1.5 to 3.0% Mn, 0.01 to 0.08% Al, 0.05 to 1.00% Mo 
and 0.005 to 0.08% Nb, by mass%, with the balance being Fe and unavoidable 
impurities, and a structure containing a bainitic ferrite phase having 
an area ratio of 80% or higher, or further, insular martensite having 
an area ratio of 2% or less; the packet size of the aforesaid bainitic 
ferrite phase being 15 pm or less; and having a tensile strength greater 
than 700 MPa, a yield ratio of 80% or less, and a fracture transition 
temperature vTrs of -20°C or less. Moreover, in the present invention 
it is preferable to obtain a composition further containing, in addition 
to the aforesaid composition, one or more of 0.05 to 2.0% Cu, 0.05 to 
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2.0% Ni, 0.05 to 2.0% Cr, 0.003 to 0.05% Ti, 0.003 to 0.080% V and 0.0003 
to 0.0030% B, by mass%, and/or one or more of 0.0003 to 0.0030% Ca and 
0.0003 to 0.010% REM. 

[0010] In addition, the present invention is a method for manufacturing 
a 700 MPa class nonheat-treated, low-yield-ratio thick steel plate 
characterized by heating to 1,100 to 1,350°C a steel stock containing 
a composition of 0.005 to 0.03% C, 0.05 to 0.5% Si, 1.5 to 3.0% Mn, 0.01 
to 0.08% Al, 0.05 to 1.00% Mo and 0.005 to 0.08% Nb, by mass%, or further, 
at least one or more of 0.05 to 2.0% Cu, 0.05 to 2.0% Ni, 0.05 to 2.0% 
Cr, 0.003 to 0.050% Ti, 0.003 to 0.080% V and 0.0003 to 0.0030% B, by 
mass%, and/or one or more of 0.0003 to 0.0030% Ca and 0.0003 to 0.010% 
REM and having a composition comprising a balance of Fe and unavoidable 
impurities, subsequently conducting a hot rol ling on said steel stock, 
where the cumulative rolling reduction ratio is 30% or less, in a temperature 
region of 1,000 to 1,250°C and the rolling end temperature is set at point 
Ar3 or higher in the austenite nonrecrystal'lizing region, and after the 
hot rolling is completed, cooling it at a cooling rate of 0.1 to 20°C/s. 
[0011] [Embodiments of the Invention] 

The reason for limiting the composition of the thick steel plate 
of the present invention will be described first . "Mass%" in the composition 
is simply stated as "%." 
C: 0.005 to 0.03% 

It is necessary to contain 0.005% or more C, which is an element 
that increases the strength of steel, to ensure the prescribed concentration 
in the present invention. However, in excess of 0.03%, the area ratio 
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of the insular martensite readily becomes higher than 2% and the tenacity 
readily deteriorates. Thus, C is limited to 0.005 to 0.03%, and more 
preferably, 0.015 to 0.022%. 
[0012] Si: 0.05 to 0.5% 

It is necessary to contain 0.05% or more of Si, which is an element 
acting as a deoxygenation agent, but if more than 0.5% of it is contained, 
the tenacity deteriorates. Thus, Si was limited to a range of 0.05 to 
0.5%, and more preferably, 0.20 to 0.35%. 
Mn: 1.5 to 3.0% 

It is necessary to contain 1.5% of Mn, which is element used for 
increasing the strength of steel, to make the tensile strength of the 
parent material a grade of 700 MPa and to make the structure a bainitic 
f errite one . On the other hand, a content exceeding 3 . 0% causes the tenacity 
of the welded sections to deteriorate markedly. Thus, Mn is limited to 
a range of 1.5 to 3.0%. 
[0013] Al: 0.01 to 0.08% 

Although it is necessary to contain 0.01% or more of Al since it 
acts as a deoxygenating agent, if more than 0.08% of it is contained, 
the tenacity of the parent material is reduced, and also, the tenacity 
of the welded metal portions is deteriorated. Thus, Al is limited to 
a range of 0.01 to 0.08%, and more preferably, 0.02 to 0.04%. 
[0014] Mo: 0.05 to 1.00% 

Mo is an element used for increasing the strength of steel and acts 
effectively in increasing the strength of the parent material. In order 
to obtain such effects, it is necessary to contain 0.05% or more of it. 
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Moreover, by containing 0.05% or more Mo, there is an effect for reducing 
the yield ratio to 80% or less. On the other hand, a content exceeding 
1.00% adversely affects the tenacity. Thus, Mo is limited to a range 
of 0.05 to 1.00%, and more preferably, 0.20 to 0.50%. 
[0015] Nb: 0.005 to 0.08% 

Nb has an action for making the structure a bainitic ferrite one 
and accordingly, it is necessary to contain 0.005% or more of it. On 
the other hand, if more than 0.08% of it is contained, the tenacity of 
the welded thermally-expanded portions deteriorates. Thus, Nb is limited 
to a range of 0.005 to 0.08%, and more preferably, 0.01 to 0.06%. /4 

[0016] The above elements are basic constituents, but in addition 
to these constituents, the following constituent may be selectively 
contained. 

Out of 0.05 to 2.0% of Cu, 0.05 to 2.0% of Ni, 0.05 to 2.0% of Cr, 0.003 
to 0.05% of Ti, 0.003 to 0.080% of V, and 0.003 to 0.0030% of B, at least 
one 1 or more 2 of any of Cu, Ni, Cr, Ti, V and B are elements participating 
in raising the strength of steel, and can be contained singly or by combining 
them, as needed. 

[0017] Cu is an element effective for raising the strength of steel 
by means of solid solution-strengthening and precipitation-strengthening. 
When it is contained in the present invention, although it is preferable 
to contain 0.05% or more of it, the tenacity deteriorates if more than 
2.0% of it is contained. Thus, it is preferable to limit the Cu to 0.05 
to 2 . 0% . Ni is an element effective for being able to increase the strength 
while maintaining the tenacity of the parent material . When it is contained 
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in the present invention, it is preferable to contain 0.05% or more of 
it, but no more effects can be anticipated even when more than 2.0% of 
it is contained, but becomes disadvantageous costwise. Thus, Ni is 
preferably limited to a range of 0.05 to 2.0%. 

[0018] Cr is an element effective for raising the strength of steel, 
and moreover, it has action for accelerating the generation of a bainitic 
ferrite structure by reducing the bainite transformation starting 
temperature. When it is contained in the present invention, although 
it is preferable to contain 0.05% or more of it to obtain such effects, 
the tenacity deteriorates if more than 2.0% of it is contained. Thus, 
it is preferable to limit the Cr to a range of 0.05 to 2.0%. 

[0019] Ti is an element used for raising the strength by means of 
precipitation-strengthening as Ti (CN) , and it acts effectively in improving 
the tenacity by refining the original austenite grain diameter. If it 
is contained in the present invention, it is preferable to contain 0.003% 
or more of it to obtain such effects. On the other hand, if more than 
0.05% of it is contained, the Ti (CN) particles coarsen, and the desired 
effects cannot be obtained. Thus, it is preferable to limit the Ti to 
a range of 0.003 to 0.050%. 

[0020] V is an element that acts effectively to raise strength by 
means of precipitation-strengthening as V(CN) and it is preferable to 
contain 0.003% or more of it to obtain such effects. On the other hand, 
if more than 0.080% of it is contained, the tenacity decreases. Thus, 
it is preferable to limit V to a range of 0.003 to 0.080%. B is an element 
participating in increasing the strength of steel by reducing the bainite 
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transformation start temperature. When it is contained in the present 
invention, it is preferable to contain 0.0003% or more of it. On the 
other hand, if more than 0.0025% of it is contained, the steel hardens 
markedly, and there is the risk of bringing about deterioration in the 
tenacity. Thus, it is preferable to limit B to a range of 0.0003 to 0.0025%. 

[0021] One or more of 0.0003 to 0.0030% Ca and 0.0003 to 0.010% REM 

Ca and REM each have action for improving HAZ tenacity by way of 
controlling the morphology of inclusions. By adding 0.0003% or more of 
Ca, the HAZ tenacity is improved by suitably selecting the balance between 
S and 0 by controlling the morphology of the inclusions. On the other 
hand, even if more than 0.0030% of it is added, there are no more effects 
thereof . Thus, it is preferable to limit Ca to a range of 0 . 0003 to 0 . 0030% . 

[0022] REM improves the HAZ tenacity by forming REM (0, S) . Such 
effects are confirmed if 0.0003% or more of it is contained, but even 
if more than 0.010% of it is contained, there are no further effects thereof . 

Thus, it is preferable to limit REM to 0.0003 to 0.010%. The reason for 
limiting the structure of the thick steel. plate of the present invention 
is described next. A structure in which the packet size of the bainitic 
ferrite phase is 15 ym or less is obtained for the structure of the thick 
steel plate by containing a bainitic ferrite phase at an area ratio of 
80% or more. In the present invention, it is preferable to suppress the 
generation of a granular bainitic ferrite and obtain a structure composed 
mainly of a bainitic ferrite phase. Since a shearing transformation of 
the bainitic ferrite phase arises, it is difficult for coarsening of the 
structure to occur and high tenacity is ensured with ease. On the other 
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hand, the diffusional transformation occurs primarily, coarsening of the 
structure arises, and the tenacity deteriorates. 

[0023] Moreover, "granular bainitic ferrite" in the present invention 
refers to a "granular bainitic ferritic Zw structure (dislocated 
substructure but fairly recovered lath-free) " (Collection of Photographs 
of Steel Bainite-I: Bainite Research Committee, ISIJ (1992) :4)). 

[0024] By obtaining a structure composed mainly of a bainitic ferrite 
structure, a nonheat-treated highly tenacious thick steel plate having 
high strength can be obtained. If the area ratio of the bainitic ferrite 
phase is less than 80%, it is difficult to obtain a thick steel plate 
having high strength and high tenacity. Moreover, in order to ensure 
high tenacity, it is necessary that the packet size of the bainitic ferrite 
phase be 15 ym or less to refine it. If the packet size is over 15 ym, 
a coarse structure is obtained; hence, high tenacity is hardly obtained. 
Moreover, a bainitic ferrite packet indicates a structure in which structures 
called laths having a width of 0.2 and a length of about 10 ym were set 
in parallel. The packet size is found from image analysis by tracing 
the packet grain diameter obtained by observation with an optical microscope 
or scanning electron microscope. 

[0025] In addition, since insular martensite is an extremely hard 
structure, it readily peels at the interface between it and the parent 
material, and as a result, it readily becomes the starting point of a 
facture; hence, in the present invention, no insular martensite is generated 
in the structure of the thick steel plate or its area ratio is reduced 
to 2% or less. If the insular martensite content is greater than 2%, 
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the deterioration of the tenacity is marked. 

[0026] In the present invention, the type and content of a phase /5 
other than that mentioned above are not limited in particular, but a granular 
bainitic ferrite having an area ratio up to 20% and a pseudopolygonal 
ferrite having an area ratio of 5% or less can be permitted. The method 
for manufacturing the thick steel plate of the present invention is described 
next. A molten steel having the above-mentioned composition is usually 
melted in a known melting method to obtain a steel stock in a known casting 
method, such as continuous casting method. 

[0027] The steel stock is heated next in a temperature range of 1,100 
to 1, 350°C to completely change the steel stock to austenite. If the heating 
temperature is less than 1,100°C, a sufficient recrystallization rolling 
cannot be done. If the heating temperature is greater than 1,350°C, on 
the other hand, the crystal grains coarsen, and further, the loss from 
oxidation is marked and the yield decreases. Although hot rolling is 
performed after heating, in the method of manufacture of the present invention, 
it is preferable to carry out hot rolling, with the cumulative rolling 
reduction ratio set to 30% or more in a temperature region of 1,000 to 
1,250°C, the cumulative rolling reduction ratio set to 30% or greater 
in the austenite nonrecrystallizing region, and the rolling finishing 
temperature set to a point Ar 3 or higher. 

[0028] In the present invention, rolling is performed, with the 
cumulative rolling reduction ratio set to 30% or greater in a temperature 
range of 1, 000 to 1, 250°C, and the austenite is recrystallized sufficiently 
to refine the crystal grains. Although the austenite recrystallization 
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temperature region is 950 to 1 / 250°C / in the case of a very low carbon 
steel, as in the present invention, it is necessary to roll the very low 
carbon steel at a rolling reduction ratio of 30% or less in a high temperature 
region to recrystallize and refine the coarse y grains during heating. 
Of course, after that, it is advantageous to further refine the austenite 
grains by rolling in a low recrystallization temperature region. Thus, 
it is preferable to set the cumulative rolling reduction ratio in a temperature 
region of 1,000 to 1,250°C to 30% or higher. If the cumulative rolling 
reduction ratio is less than 30%, the rolling reduction ratio is insufficient 
and sufficient refining of the austenite grain cannot be achieved. Refining 
the austenite grains in advance is advantageous for refining a structure 
produced by a subsequent transformation, and the tenacity of the steel 
plate obtained at the end is improved. Furthermore, assuming the composition 
contains Ti and dispersion of TiN is possible, it is even more advantageous 
for refining of the austenite grains. 

[0029] Furthermore, in the present invention, a hot rolling is performed 
at a cumulative rolling reduction ratio of 30% or more in the austenite 
nonrecrystallizing region (temperature region less than 950°C) . By 
performing a rolling at a cumulative rolling reduction ratio of 30% or 
more in the austenite nonrecrystallizing region, the area of the austenite 
crystal grain boundary increases geometrically, and distortion energy 
can be accumulated by means of rolling. Thus, the bainite transformation 
is accelerated within the austenite grain boundary and the austenite grains . 
Due to correlation with the refining of the austenite grains by means 
of intensive working in the above-mentioned austenite recrystallizing 
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region, the resulting bainite is one having a small packet size. Thus, 
a thick steel plate having satisfactory parent material tenacity and a 
low yield ratio can be obtained. 

[0030] Moreover, the hot rolling is finished at a rolling end temperature 
at a point Ar 3 . If the rolling end temperature of hot rolling is less 
than point Ar 3 , the ferrite is rolled, separation occurs, and the tenacity 
decreases markedly. After hot rolling is finished, the steel plate is 
cooled preferably to 400°C or less at a cooling rate of 0.1 to 20°C/s. 

[0031] If the cooling rate is less than 0.1°C/s, the amount of granular 
bainitic ferrite and pseudopolygonal ferrite generated is large. With 
granular bainitic ferrite, the packet size of the bainite coarsens; hence, 
the tenacity deteriorates. Moreover, "pseudopolygonal ferrite" here 
refers to a ferrite structure with a squarish grain boundary. 

[0032] Meanwhile, if the cooling rate exceeds 20°C/s, the amount 
of insular austenite is large and the tenacity deteriorates. Thus, it 
is preferable to limit the cooling rate after hot rolling is finished 
to 0.1 to 20°C. Moreover, the cooling stop temperature is preferably 400°C 
or less from the point of view that transformation of the bainitic ferrite 
is completed. 

[0033] [Practical Examples] 
(Practical Example 1) 

Molten steel having the compositions shown in Table 1 were melted 
in a converter to obtain steel stock (slag) in a continuous casting method. 

By using these slag (steel stock), hot rolling was performed under the 
heat, rolling, and cooling conditions shown in Table 2 and changing the 
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initial plate thickness diversely to obtain 4 to 100 mm thick steel plates. 
[0034] The microstructure, tensile characteristics, and tenacity of these 
steel plates were investigated. 

( 1 ) Microstructure 

A test piece was collected from each steel plate, the structure was 
photographed under an optical microscope or scanning electron microscope 
at a position 1/2 T the plate thickness in the C direction, and the structural 
species was identified and the structural fraction was measured using 
an image analyzer. 

(2) Tensile characteristics 

A No. 5 JIS tensile test piece was collected from the thick center 
of each steel plate, and in accordance with JIS Z-2241, the yield stress 
YS, tensile strength TS, and elongation El were measured and the yield 
ratio YR was calculated. 

(3) Tenacity 

A No. 4 JIS impact test piece was collected from the thick center 
of each steel plate, a Sharpy impact test was conducted in accordance 
with JIS Z-2242 to find the fracture transition temperature vTrs. 
[0035] The results thus obtained are shown in Table 3. 
[0036] [Table 1] 
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Honrecryotall is ing 
Region (\i 


Rolling End 
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Cooling Rate 
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neoo 

(cm) 


1 


A 
-V 
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40 


SO 
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If 


2 


ft 
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in 


CM 
Dv 
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IB 


3 


p 
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cn 
•v 
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SO 
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20 


16 
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UW) 


50 


40 
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0. 8 
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41 
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4.7 


19 
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50 
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SO 
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5.2 
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1 0 
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40 


20 
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7.3 
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20 


SO 
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21 
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7.2 
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6.9 
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SO 
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so 
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4.9 
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40 


so 
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[0039] In all of the examples of the present invention, thick steel 
plates are obtained, with the bainitic ferrite having a packet size of 
15 ym or less having an area ratio of 80% or greater, a structure comprising 
insular martensite of 2% or less, a high strength TS of 700 MPa or more, 
a low yield ratio YR of 80% or less, and a high tenacity vTrs of -20°C 
or less. On the other hand, the comparative examples (steel plates Nos. 
9, 10, and 11) in which the rolling reduction ratio of the austenite 
recrystallizing region temperature or the austenite nonrecrystallizing 
temperature region is less than 30%, which is outside the range of the 
present invention, have a vTrs greater than -20°C and reduced tenacity. 

[0040] Moreover, the structure in comparative example (steel plate 
No. 7) in which the cooling rate is less than 0.1°C/s, which is outside 
the range of the present invention, is a granular bainitic ferrite and 
pseudopolygonal ferrite mixed structure, and the strength is unsatisfactory . 
Moreover, although the strength is insufficient in the comparative example 
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(steel plate No. 8) in which the cooling rate is over 20°C/s, which is 
outside the range of the present invention, the strength is unsatisfactory 
in all of the comparative examples (steel plates Nos. 14 and 16 to 18) 
in which any of C, Mo and Nb is low and outside the range of the present 
invention. The amount of insular martensite generated is large and the 
tenacity is deteriorated in the comparative example (steel plate No. 15) 
in which the amount of C is higher than 0.03%. 
(Practical Example 2) 

Molten steel having the compositions shown in Table 4 were melted 
in a converter to obtain steel stock (slag) in a continuous casting method. 
Hot rolling was performed under the heating, rolling and cooling /8_ 
conditions shown in Table 5 by changing the initial film thickness diversely 
using these slag (steel stock) to obtain 4 to 100 mm thick steel plates. 

[0041] The microstructure, tensile characteristics and tenacity of 
these steel plates were examined, as in Practical Example 1. The results 
thus obtained are shown in Table 6. 
[0042] [Table 4] 
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0.0020 




2B 


a 020 


0.25 


2. 00 


0.010 


0. 0013 


0. 038 


— 


1.0 


_ 


_ 


0. 045 


— 


a 01 2 jo. 0020 


a 0020 


0. G060 


2C 


0. 020 


0.25 


2.00 


0. 010 


0.0013 


0. 03S 




_ 


0.50 


0.25 


0. 045 





0.012 jO.0020 


0. 0020 


0. 0060 


2D 


0.020 


0. 25 


2.00 


0.0!0 


0.0013 


0.055 


0.5 


1.0 


0.50 


0. 40 







0.008 


0. 0020 


a 0020 




2E 


0. 020 


0.25 


2.00 


0.010 


0.0018 


0. 035 


0.5 


1.0 


0. 50 


O.40 


0.045 


_ 


0.012 


0.0320 


a 0070 




2 F 


0.020 


0. 25 


2. 00 


0. 010 


0.0018 


0. 036 


1.5 


1.0 


0.50 


0.40 


0.045 


0.03 


0.012 


0. 0020 


O.C020 


_ 


2G 


0.020 


0. 26 


2.00 


0.010 


a ooi a 


a 035 


10 


1.0 


0.50 


0. 40 


0. 045 




0.012 


0. 0020 


a 0020 


_ 


2H 


0.020 


0.26 


2.00 


0.010 


0. 0013 


0. 035 


as 


1.0 


0. 50 


0. 40 


O.04S 




0.012 


— 


a 0020 





2 1 


MMQ 


0.25 


2.00 


0.010 


0. 0018 


0. 036 


0.5 


l.G 


0. 50 


0.40 


0. 045 


_ 


Q.012 


0. 0020 


a 0020 


_ 


2 J 


0,089 


a 25 


2.00 


0.010 


0,0018 


0. 035 


0.5 


1.0 


0.60 


0.40 


0.045 


_ 


0.012 


0. 0020 


a 0020 




2K 


0.020 


a 25 


2. 50 


0.010 


0.0018 


0, 035 


1.0 






0, 40 


0.045 









_ 





2L 


0.C2O 


a 25 


2,50 


0.010 


0. 0018 


0. 035 


— 


1.0 




0. 40 


0.045 


— 






_ 


_ 


2M 


0.020 


0. 25 


2, 50 


0.010 


0.0018 


0. 035 






0. 50 j 


0. 40 


0.045 












2N 


0.020 


0. 25 


2. 50 


0.0:0 


0.0018 


0. 035 






- I 0.40 


0.045 


0. 03 










20 


0.015 


0,25 


2. 50 


0.010 


0.0018 


0. 035 






- ! 0. 40 


0.045 




0.015 








2 P 


0,012 


0.25 


2, 00 


0.010 


0. 0018 


0. 035 






- j 0. 40 


0.045 






0. 0025 






2Q 


0. 020 


0.26 


2. 50 


0.010 


0. 0018 


0. 035 






- j 0. 40 


0.045 








0. 0020 




2R 


0.020 


0.25 


2. 50 


0.010 


0.0018 


0.036 






- | 0, 40 


0.045 










0.0060 



[0043] [Table 5] 



21 



/9 



Hat* 


St»«l 


i 1 


Hot Rolling Conditions 




Cooling 

Aft*r 

Rolling 


Ptnub*4 
Thickn*3* 


Ho. 




T«ap« r*t ur« 


Roll in) E*A*rtico Eatio 
iU at 1106*1. 310 


feci 1 103 ft*4uct i<ci 
Ratio it) la 
fknrrcryst all is in? 


ftel 1 to j Cod 


Cool log (Ut« 

(TVs) 


w 


M 


2A 


1200 


60 


50 


850 


6.1 


20 


2~2 


ffi 


1200 


70 


50 


850 


5.3 


15 


2-3 


2C 


1200 


70 


50 


850 


7.3 


15 


2-4 


^ 


1200 


60 


50 


850 


5l5 


20 


2-5 


2E 


1250 


50 


50 


850 


0.08 


25 


2-6 




1250 


70 


50 


850 


a 82 


15 


2-7 




1250 


70 


50 


850 


tu 


15 


2-8 




1250 


70 


so 


850 


as 


15 


2-9 




1250 


70 


50 


850 


25 


15 


2-10 


2P 


1200 


20 


50 


850 


7 


20 


2-11 




1200 


70 


20 


850 


5.8 


12 


2-12 




1200 


60 


50 


850 


6 


20 


2-13 


2C 


1200 


70 


50 


850 


4.4 


15 


2-14 


2U 


1200 


60 


50 


850 


a 63 


20 


2-15 




1200 


50 


50 


850 


15 


25 


2-16 




1200 


60 


50 


850 


8.3 


20 


2-17 




1200 


60 


50 


850 


5.9 


20 


2-18 


u 


1200 


60 


50 


850 


C2 


20 


2-19 


71 


1200 


60 


50 


800 


5.5 


20 


2-20 


2L 


1200 


SO 


50 


800 


6.1 


20 


2-21 


2M 


1200 


60 


50 


800 


6.5 


20 


2-22 


2K 


1200 


60 


50 


800 


4.9 


20 


2-23 


20 


1200 


60 


50 


800 


6.3 


20 


2-24 


2P 


1200 


60 


50 


800 


8.1 


20 


2-25 


2Q 


1200 


60 


50 


800 


6.7 


20 


2-26 


2X 


1200 


60 


SO 


800 


4.9 


20 



[0044] [Table 6] 



22 



/10 



x— 1 1 

Steel Ste*l 


Structure 


T»nsil« C( 


>ndicloi 


18 ■ 


r«n*city 


Motes 




no. 




Bainitic 

Ar«. Ratio 1 
ill 


Insular 

Ferrite iurt«Mite [ 

Packet , t ^ <1) 
SlSe KUV 


Gr*nul 4 r Pseudcpel ygco 
acinic ic «1 Ferrite 
Ferrite AtM JU»* (Utio<%> 
fUtiotli 


V c 
1 o 

Qrv 


1 2> 


F.I 
(X) 


YR 
<X> 


vTll j 
I 


M 


2A 


JL 




0 


70 


30 


S22 


811 


31.2 


8S.4 


-120 


tosp«r«tlve 


2-2 
2-3 


H 
3C 


100 


s 


0 


1 


• 


sn 


SL 


29.8 


S3. 5 


-60 


Oonp«r*tive 

Ex»ijple 


100 


9 


0 


• 


0 


565 


734 




77.0 


-60 


BxABplr of Present 
Invention 


2S 




25 




0 


60 


15 


531 


617 


• I. 1 


OX 1 


-65 


Ccap«r*t ive 


2-5 

2-4 


S 


JL 




0 


80 


0 


S97 


521 


II 7 
IX I 


77 7 
ft. 1 


n 


Bximpl r 


v* 

f Present 
f Present 


80 


12 
8 


0 


20 


0 


ns 


844 




79 A 


.en 
Dm 


Bx*tiple c 

Invent ion 


2-7 




in 


0 


0 


0 


fT9 


88$ 






-45 


Bxanpl* o 
Invent ion 


2-1 
2-9 


100 
10D 


a 


0 


0 


0 . 


ttl 


973 


19. 9 


118 


-30 


Bx.npl* of Present 
Inv«tnticri 


6 


0 


0 


0 


644 


1002 


lit I 
jx • 


id 1 
•x # 


gi 


Coap*r*t if » 


t-10 


» 


100 


9 


0 


0 


0 


7U 


941 


IX 4 


78.0 


10 


Ccwp*r*t J 
Bxanple 


v« 


2-11 




100 


6 


■ 


0 


0 


Ml 


m 


IB. J 


TO * 

IX I 


TV 


Ct«pa t at 

BXABpl* 


1-12 




100 \ 8 


0 


0 


0 


725 


930 


IT V 
1 1. I 


7Q ft 
(X V 




Bxanpl < of Present 
Invent ion 


2-U 




100 ' 10 


0 


0 


0 


734 


960 


1x2 


7x5 


-30 


r - t 

Example of Pi* arm 
Invention 


2-14 




95 


IS 


0 


s 


• 


571 


731 


1x9 


7x1 


-100 


Bxanple of Present 
Invent ion 


2-15 




100 


10 


0 


0 


0 


572 


758 


20. 7 


7x7 


-100 


Bxtnple of Present 
Invent icn 

Bx&nple of Present 
Invent ion 


2-16 




10© 


II 


0 


0 


0 


603 


798 


lx> 


7x1 


-100 


2-17 
2~18 


21 


97.1 


9 


JL? 


0 


0 


757 


979 


17 1 


77 1 


-to 


Compilative 

BxAnpl« 


2J 


92.2 


9 


-M 


0 


D 


970 


1288 


if a 


7ft 5 
IX 9 




Bxj»npl a 

Bxaiipl « of Present 
Invent ion 


2-19 


a 


190 


10 


! o 


0 


0 


S67 


74S 


«n 1 

CUL 1 


(X 1 


-lot 


Z-20 


2L 


100 


IL 


0 


0 


0 


$75 


752 


19L S 


715 


-120 


Bxanple of Present 
Invention 


2-11 


a 


if* 


18 


0 


0 


0 


534 


702 


117 


74.6 


-90 


Bx«npl* of Present 
Invent ion 


2-22 


S 


101 


II 


0 


0 


0 


572 


731 


20.2 


78.2 


-70 


, 

BXAtiple of Present 
Invent ion 


2-23 


20 


101 


9 


0 


0 


0 


513 


710 


1x8 


72.3 


-90 


BxAnple of Present 
Invent ion 


2-21 


2P 


100 


13 


0 


0 


0 


554 


794 


20.8 


5x8 


-so 


Example c 
Invent iot 


f Present 

)t Present 
1 


2-IS 


2Q 


lOf 


n 


0 


0 


0 


$20 


708 


18.9 


73.5 




Bx*i«ple < 
Invent ioi 


2-2S 


21 


too 


u 


0 


0 


0 


496 


708 


2L0 


70.2 


-90 


Ex* tip 1 9 of Present 
Invent ion 



[0045] In all of the examples of the present invention, thick steel 
plates are obtained, in which the bainitic ferrite having a packet size 
of 15 urn or less has an area ratio of 80% or greater, have a structure 
having an insular martensite of 2% or less, a high strength TS of 700 
MPa or more, a low yield ratio YR of 80% or less, and a high tenacity 
vTrs of -20°C or less. On the other hand, the comparative examples have 
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a high yield ratio or reduced tenacity outside the ranges of the present 
invention. Thereby a thick steel plate having the target high strength, 
high tenacity and a low yield ratio of the present invention is not obtained. 
[0046] [Advantages of the Invention] 

As above, according to the present invention, a nonheat-treated thick 
steel plate having a high strength TS of 700 MPa or more class, a low 
yield ratio of 80% or less, and high tenacity at a fraction transition 
temperature vTrs of -20°C or less can be manufactured stably, and remarkable 
advantages are presented from an industrial standpoint. 
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0.01-0.08%. 
0.005 -0.08% 
★Si, Mn, Mo, ftSrjttaSflilLfcatffc:. 2tt®!mm 
■T. TS:780MPa &e&imtJMR<nlB&timimKZti 
20 TV^4. L*»U 2ttmimEmt:'itob*^U-i/ 

WRx*;Mf-jWKT-*-* t ran**** . 
[ 0 0 0 4 3 ifc. WHPPH-264107 ^fgfcti. IB© 
CftitffflfefcU Cu, NbfcJ:tfB£jMteff$-£fc« 
frSr. 1000-1350'CtJP^L-^<7)*>. 950 -lKXTC^S 
flWKCfeft 4J5M1 ET $#50%W±-C\ *o£E8l»7a 
^800 -C13Lht-tl.^®^J6L. JB6R7SL 1°C/ 
s fcLL. 30°C/ s OTcOftiflSlJKT'ftSP L. ( Ar 3 -2 
0'C) OT550 ra±TK*I*#jM-*, *WKK5fi* 
30 IHtf>im#&&<{t3K3fvtv>4. i<oa»fcJ:*Uf, T 
S : 700MPaa<O*58*«««:^IWf -CRja-p* 4 1 IX 
OS. U*>L«r*«4>. #^11-264107 *&«fcKtt§ 

[00053 

5SS»O^SS:*flJ^)B^L. ?I5S5S$TS : 700MPa@t 

40 s: -arciaT»3«^**^4^aWWil«lSJ:tf* 
^3t^^if^r4 i i: t @Wtt4 . 
[00063 

■IHSJIlR-rifcft, TS : 700MPaaJ3LhO^P««3^ 

rftfe. -J-O^m. ©BWflJgvTrs: -20'CWTt^ 
3«Wtt?&««-f4fcrtK:tt. Sttv 
^fyt-( htf)±j££fieitf4a\ $>-7-Ci>®W$T'2 
%JaTfcft«W4i:i:<>fc. B5«*T80%J3Lh<O^'f - 
★ 50 »?7i5-f MBSr^OfflUk-riikJ^ffS-Cft 
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[0007] *fmv^d *U -vti v?7 

(fcfc'L»-Xft>( htt***»frt*) (Sheaf- 
likewith laths but no carbide : conserving the prio 
rr-grain boundary ) m^^-f-i I : 

B+ftHtt*^ +4 MttffKtf*. (1992)4 ) £n 

[0 0 08 3 ifc. frRvykrV^M Hi. 

i"ML^-f<, li^ftKOSAt'SrO^H-V^ l«t 

awe 2 %&.Tizimttitf. mn&T'wsmm- 

4>£ft#v;kFyiM h£, #£LT*>EWrt'2%m 
T(cfi« Lfcffl® i: £ t m* l^Zt izmi I 
t:. 

[0009] *fm\i* ±ie urfauwcafcjwc . $ 

BJ1J4, mass%T', C : 0.005 -0.03%, Si : 0.05-0.5 
%, Mn : 1.5 -3.0 %. Al : 0.01-0.08%, Mo : 0.05- 
1.00%. Nb : 0.005 -0.08%£-£WU WeUXlPF 

^wmMfytpt>%hm.t. wmmx-wxtito^ 

/kfJ'lM h£ffi»$T'2%OT#trffl$t£#U lu 
ie<^ ;T^7?7i7-f hfflW?^ y hlM X#15ju 
m WTT'£>9, 3I3S3£$ : 700MPaj@;i, PSttit : 80%& 

t. mmmm^Trs: -2o°cirF£W-f ztzim 

#?&HJjT'(i, fneffl^WD^T§<oG, mass%T\ Cu : 
0.05-2.0%, Ni : 0.05-2.0 %, Cr : 0.05-2.0 %, T 
i : 0.003 —0.050 %, V : 0.003-0.080 %, B : 0.00 
03-0.0030%Od^lS££(i2gtjLh, tiXl/Ztt: 
<4, Ca : 0.0003-0.0030%. REM : 0.0003-0.010 %<7) 

[ 0 0 1 0 ] ttl. *fMHtt» mass%r. C : 0.005 - 
0.03%. Si : 0.05-0.5 %, Mn : 1.5 —3.0 %. Al : 0. 
01-0.08%, Mo : 0.05—1.00%, Nb : 0.005 — 0.08%£ 
•&fi"L, &&U(i£<5fcniass%T\ Cu: 0.05—2.0 %, 
Ni : 0.05—2.0 %. Cr : 0.05—2.0 %. Ti : 0.003 —0. 
050 %. V : 0.003 -0.080 %, B : 0.0003-0.0030% 
*>3t>l«*fcU:2»J2LL fcJtf/ifctt, Ca:0.00 
03-0.0030%, REM : 0.0003-0.010 %?)?*> 

fc$r*ttJ££*Tf llOO'C-1350'CtejD^ 



(3) #§32 0 0 3- 14 7 4 7 7 

4 

f£. UIBSWt. 1000-1250-C<Oi&£&(Cfctt!>g«ff 
T$£30%feJlL. ^-^ft'f h*?i&Att(C£(t*jR 
®ET$£30%ULh. ES&TffiSSrAn jSJJUitt* 

smiB&itu msmi^ ^ai^Jt : o.i -20 

[001 1 ] 

[*»woiQ6<o]B!E] *mnmm<mmfe 
10 tc%tis-r. 

C : 0.005 -0.03% 

C{4. «<03SUS*«!iPS-lir43aRTJ>9. *^T'(i3f 
£<938J££llft1-Srt:#>fc:J40.005 XJjLb^MTftiM 
0.03%S:j@i4t*Kv^f>^->f r-#Wf 
$T 2 %j@ t % *) < , Btt#3&fc < . z 
<r>tz#>. C(40.005 -0.03%£[®£Uc„ 3ri5, ffi I 
<(4 0.015- 0.022%T*I>. 
[00 1 2] Si : 0.05-0.5 % 
Site. W®MtLXftm?himX'h*) , *»B-«4I! 
20 «±0.05«UU:<^**«fi«i:-f 0.5 %£iS3;iT 
WttfcSWfcStfS. SiteO.05- 
0.5 X^BHtltteLfc. »4 L<te, 0.2O-0. 

35%ra5S. 

Mn : 1.5 -3.0 % 

^7x7^ hffl^t-ri»^WC(4, 1.5 %&.±<7y£GZ 
•mt-fh. -77. 3.0 X6)Hi4**tt, JitlgRcO® 
ft**L<*ftS**. i^Jcd^t*^, Mn(41.5 
30 -3.0 

[00 1 3] Al : 0.01-0.08% 
AHi. KKfflfcLTf^fflL. ;c7)^W40.01%ULh£7) 

oT»»AR»«)Btt*3&ftS-lir&. AU40. 
01-0.08%^HtR8^Uc. ^fc, »*U<«4, 0.02 
-0.04%T'J>4. 
[00 1 4 ] Mo : 0.05-1.00% 

0.05%feU:<Z>**r£&»fc'*6. Mo^0.05%J2Lh 
« ZbliZi. 0. I^Jt* { 80%mTt ffiT-ri»^S 
t**. -77. 1.00%Sri@x.l>^(4. fSttt^VS: 
4^. 4. Z<7)t:)t>, Mo(40.05-1.00%<50|Effl{cR|^L 
?t. ^rfc, jff *L< (40.20-0. 50%TS> 4. 
[00 1 5] Nb: 0.005 -0.08% 
NW4. ffll^-f<7?7x7'f 
£#U ico^rtt0.005 %lJUi^*$r^Sfc-t4„ 
-77. 0.08%5:tiiT^W-rSfc, ffiS!W*»«)«tt 
50 ^-ftfl). ^cOJty>, Nb(40.005 -0.08%<7)KHtcRI 
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J6U:. #4L<tiO.Ol-0.06%-e*4. 
[00 1 6 ] JSLh*qW:«»T**#» £ft.$>j£#fcJn 

b. 

Cu : 0.05-2.0 %. Ni : 0.05-2.0 %, Cr : 0.05-2.0 
%, Ti : 0.003 —0.050 %, V : 0.003 -O.080 %, 
B :0.0003-0.0030%^3*>l8£fcte2SiaJbCu, N 
i, Cr, Ti, V, B(4, U-Tilt, «*#UlLL#K:*4 

-thTtrnx-h*). •miz&tmk&zwm&ixtt 

X'th. 

[0017] Cu(4, SSSfi-ltti itWasfWttcJ: 

D.OSJffiUiittJCiWfiU*. 2.0 % 
0.05-2.0 XfcHJ&tftifcaWffiL^. NH4, ftttUJ 

■jr?ii**rf**£. o.05%w±#*-ri>;t^»iL 
v^#, 2.0 %sr)8ir*^rLrtttftu. *fr*t=Ji-& 

<9fctf>. NUiO. 05-2.0 %<7>mz®fei-&Zbi)W* 
[0018] Cr(4, Sfi<93l££±#3tf &*3»&7t«T 

fcftCO.OS^JJUi-Sf^tSik^lSFSLV^ 2.0 %£ 
j@;tT£W^I>h®H4#&WI>. I^ft, Cr{±0.05 

-2.o xoMbizmzt&zttfmi^. 

[0019] Ti(4, Ti (CN) LTlfraiSKfcfcJ: OSfeK 

ant i®&cr)ft±iz himizm? h . 

* s f4ik*«*F4U^ 0.050 K*|fi;lT£*rf 

*k. Ti (cn) ftW&MfcU JJfaoS&JWWfciifc 

£«>J:3&.1£:0>6. TU40.003 -0.050 %<D 
[0020] V(4, V (CN) t LTWffillfttJ: 

0.080 %SrfiiT*^4i:. «tt#fl£Tf$. - 
cotztb. VttO.003 -0.080 %<7)^ffl{cR8^f S^ti^ 

0.0003%ULb£3Tt *it*W*U\ - 

^, o.oo25%znt.xtt?&t. mmt<mitix 

W&.<ry£\\L*n< fotltfhh . IWitft, B«40.0003- 
[ 0 0 2 1 ] Ca : 0.0003-0.0030%, REM : 0.0003-0. 

oio %<r> 3 hifit iM2WSI± 

Ca, REM (4, l,vfix t^£M»J1iP£l>L-CHAZ $5 



4) &PJ2003-1 47477 

6 

tt*|6LtS-£*«Ufl£3rl/0^4. Ca(4, 0.0003%&± 

0.0030%^S^.-C8sjDLTt, *<a$Mia«tt*r*-S. - 
(O/itf), CateO. 0003-0. 0030%^eBfclS£-t l> -I t W 

[0022] REM (4, REM (O, S)*»*fCHAZ» 
ttS:(6l±? iOid^SMItt, 0.0003%ULhO£ 
*Tl2£>f>i"ll>A<, 0.010 <£?) 
10 Wkffffia-i-h. ZCDfctb. REM (40. 0003-0. 010 %IZ 

tBH£t&ztm*ii>\ owe, *mcr>mmm<om 
mwm&tzwximt&. *mx-it. mmm. 
m. mmmx'&o%v±0X4 -f<7?7!7^ffl 

— T -f 7?7x7 > l hfflW^ y MM 

U\ M-f^y?7i7-( MiWWWtcSQBjWS; 

20 *?t*<\ -?7, ^^-J.^-^-T'f 7^717^ 

[002 3] *%B^CV^ f/?-*?-^- 

tAsZT&bKWlZmtLLX^h ) (granular bainiti 
c ferritic Zw structure:dislocated substructure bu 
t fairly recovered like "lath-less" ) (fflCT)^ -f 

a h^nm- 1 : b*&mw,£. hmmm 

30 ^, (1992)4 ) Z^oi><?)t-t&. 

[0024] <4-Tl 7?7iM bm±1®ttZ> 

mmztb ztizx*). im%x'i>im&x'mmm 
mmmhixb. ^ -r-f 77717^ najswn* 

■C80%*)1T'{4, aSftSTKattSrfrfftlWIHS^tc 

-f 7?7i5'( hfflWtr7 h-9--fX{415Atm WTfc , 
fflifflit-f h &Eifit> h . iVr y b *H Xffl5u n 5r @ i 

tJ, ^^X-f 7^717^ ht{4, HO. 2 

40 m , ft$l0^m SK^^^fcWfiiifflai^tTK:* 

v-KLxmmftiziiToistih&^ntth. 

[ 0 0 2 5 ] ft^-?;Uf yiM bf4, 

*4v^4Ii8[*-C2%JaTfc:fiJttft. ft 
50 fiWi^J. 
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[0026] ftftOTii. ±iSLrt:Wf-tf>ffl£o^? 

h . HH^T' 5 %WT4 TOW 'J 17-( h* j 

»WW*. 41\ JJBLfcftJSWSflfc. ©PIPW. ffl 

mmmx-mmt-tz. 

[0027] OHT\ §HStt£. llOOM350X#)ffl*i8 

«aut3Mio<rc*arci4. wjw+#&iij£ B B B EE*< 

fln!S?SJ£#1350'C£j@;il>i: , tg 
"Ctt, 1000M250r^ffiJ8$K£(tl>&»ET^$:30% 

[0028] MHSAfflJ£« 
-£"£> & . 100(K125(rc<Oii*«fc*J ft & &»ET$ #30 
mh«)EB*frV\ t-Xft^ hfr+WcSaSAS 
*ttftat«llfl:-*-6. *-*rtM hmtSAflUKlCU: 

950 -xzffcchhif. mz*mico£o%®mtmm 

KZbfrb. 1000~125(rc(?)iaK«t:tJ»t**BBET* 
£30%iaxfc-fl>.rfc##4 U\ &«E7W0%* 
ffiX'ii. ET&tf^&lX > -HWrsT-^^-f hS?> 
afcMHb&qaST-S^v^ *-*x7M MiSrWS 

[6j±$*i>. §tc> Ti^^ru tin mmmmKc 

[0029] $ *«WTti. tf-Xx 7M 
tSAtt (950 •C*)PtO?&)£$) •C*fltET*3W0%JjLJ: 
*>J!6iaE8§«:fr3. ^f-Xft^ h*S*i£A$T'J&«E 

«SAtft*<aiIi**8fl^fcflbc5^ EKCJ: 



5) ^2003-147477 

8 

[ 0 0 3 0 ] =5rfe. JSHEESUi. An jStLh<0fflBR7 
aWtCESISr»7-f6. 3SfS!Eg^ffg*7ia«a < . Ar 

i/-y3yAmLStt*>'Sf(:fiTtS. JKIBESIR 
7^. fflg&ft&jgK : 0.1 -20-C/sT. #4 L<(4 4 

[003 1 ] fcSHM&WU •C/s*Stt*{4. /7-*5 
10 xf- < y 7 7x54 K jg--K',l :/tvW7x74 h 

;|/7i7-f bfcli. m^tffttf ofc7i5>( hfflaSSrW 

0, 

[0032]-*. »aatt*<2oic/s*isi & t . a># 
icOctd^rcit*^. s»jaEEg»7SW»ftai3a«*o.i 

~20*C/sKIS?rr£>::i:# { *f4U\ 4fc. ^4-f--r 
20 7^7x5^ l<V$m&%T2-£&t^m£.frt>8iW 
ffibiMEtt 400'COT t?&Zti)W£L\<\ 
[0033] 

[ uttffii j ( ntfeffl i)^i fc^-taus^awiit . 

<b7.77 (MSB) fcfflirvt. UJjgflRW^a^SMkS-e: 
T . *2 fc*^W» • ES • H^JftftT, «MEB£fr 
C\ ^Jl 4-100 mmcO^t Uc. 

[0034] ztit><7)mmz^x. warn®, ims 

30 ( 1 ) rafflia 

#«B«*»4>KBfcft-t«»l C*[fi]c7)«)?l/2T{4a 

( 2 ) ?l3i!#tt 

4MWR«IRW , 't»*»4>. JIS 5 ^?l5S*WWi*fiaRL. 
JIS Z 2241<oaStc*WBL-C. 9l9m»HitL. 

40 ( 3 ) Ott 

«KBR<0«W4"t^4>. JIS 4WM«IW-S:fiaRU, 
JIS Z 2242<7>ffi5££^&LT. xA-^t-«SIS^Srll 

[0035] n^tvkmMki. $t3&Ft. 

[0036] 

[an 
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A 

No. 


<fc ¥ $ # (oassX) 


C 


si 


Mn 


P 


s 


Al 


tto 


Kb 


A 


0. 008 


0. 25 


2. 00 


0.010 


0. 0018 


0. 035 


0.42 


0. 060 


B 


0. 020 


0. 25 


1.50 


0.010 


0. 0018 


0. 035 


0.56 


0. 045 


C 


0. 020 


0. 25 


2. 50 


0.010 


0. 0018 


0.035 


0.42 


0. 020 


D 


0. 020 


0. 25 


3.00 


0.010 


0.0018 


0. 035 


0.22 


0. 062 


E 


0. 030 


0. 25 


2.00 


0.010 


0.0018 


0. 035 


0. 80 


0.015 


F 


0. 003 


0. 25 


2.00 


0.010 


0. 0018 


0.035 


0.39 


0. 045 


G 


0. 040 


0.25 


2.00 


0.010 


0.0018 


0. 035 


0.31 


0. 045 


H 


0.020 


0. 25 


1.00 


0.010 


0. 0018 


0.035 


0.33 


0.045 


I 


0.020 


0.25 


2.00 


0.010 


0.0018 


0.035 


0. 04 


0.045 


J 


0. 020 


0.25 


2.00 


0.010 


0.0018 


0.035 


0.29 


0. 004 



[0037] * * [«2] 



fltt 

No. 


No 






(no) 


toftfig 

(t;> 


HOO~1250T;-r<B 






CCA) 


1 


A 


1200 


40 


50 


850 


5.8 


16 


2 


B 


1200 


40 


50 


850 


6.1 


16 


3 


C 


1200 


30 


60 


850 


6.5 


15 


4 




1200 


40 


50 


850 


20 


16 


5 




1200 


50 


40 


850 


0.B 


100 


6 




1200 


40 


40 


850 


4.7 


19 


7 




1200 


40 


60 


850 


D.OS 


100 


8 




1200 


40 


50 


850 


30 


4 


9 




1080 


_o_ 


50 


850 


6.2 


27 


1 0 




1200 


40 


20 


860 


7.3 


26 


1 1 




1200 


20 


SO 


850 


8.5 


21 


1 2 


D 


1200 


40 


50 


8S0 


4.6 


16 


I 3 


E 


1200 


40 


50 


850 


7.2 


16 


1 4 


£ 


1700 


40 


60 


850 


7. 1 


16 


1 5 




1200 


40 


50 


850 


6.9 


16 


1 6 


a 


1200 


40 


60 


850 


6.3 


16 


1 7 


x 


1200 


40 


50 


850 


4.9 


16 


1 8 


j_ 


1200 


40 


50 


850 


5.7 


16 



[0 0 38] * X 1^3] 
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LO 
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00 



[0039] #fMHtWivvf fit , n*r y X\5» 

T, &®.-?)Vt>V4 h* < 2%WT^ffl«i^Wt, TS: 
700M>aULh«S5ISc , YR : 80%jaT*)ffifttttfce . vT 
rs: -20^COT^a?3tt^W^I.J¥i91Si: : 5ro-CV^. 

rtmfrMtl&tiOM (««Ho.9,No.lO.No.ll) \t. 
vTrs: tttt^fiTUtV^S. 
[ 0 0 4 0 ] 2 fc, ftSl-mtfO. 1 •C/s*ili: . 

(r>tim»t>nti&ttim (««no.7) -ctt. a«*<^5* 



tismt$ii s 2ffC/s*mx.t , *HHfl«Klft&»^^*i4ifc 

LT^S. C. Mo, Nbc7)^-r^^*^0$EH*^te 
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